Soil is a complex system of inorganic and organic materials, living organisms, water, and air. It is home to more than one trillion species of microbes, which are life forms too small to be seen with the naked eye, including bacteria and fungi. Soil is considered nonrenewable as it takes hundreds or even thousands of years to form a centimeter of top soil.
2.
Soil has been overlooked as a natural resource. While the role of soil in food production is well recognized, little is understood on the role of soil to improve flood and drought resilience, and water use efficiency; nor its ability to sequester atmospheric carbon, and provide minerals and micronutrients in food. By overlooking this important nonrenewable resource, many great opportunities to improve our future may have been missed out.
3.
The contribution of soils in mitigating climate change is increasingly advocated and recognized. This role has been undermined by modern agricultural practices that deplete soil carbon stocks. Anthropogenic greenhouse gas emissions (GHG) have been raising recorded temperatures since the Industrial Revolution. GHG emissions from agriculture, forestry, and fisheries have almost doubled in the last 50 years and will increase by 30% by 2050 given the current trend. The primacy of arresting climate change is nowhere more evident than the adoption of 195 countries of the first legally binding global climate deal at the Paris Climate Conference, or COP21, in December 2015. With atmospheric carbon dioxide (CO 2 ) reaching 400 parts per million in 2016 soils can be an ally in bringing the CO 2 level down to a sustainable level. 
4.
World leaders recognize that initiatives to limit temperature rise to less than 2 degrees Celsius (°C) compared to preindustrial levels must start now. Spearheaded by the governments of France and Peru, the Lima-Paris Action Agenda was launched to bring state and nonstate actors to accelerate global cooperative climate action ahead of the Paris conference that brought universal climate change agreement among 195 governments. Under the Lima-Paris Action Agenda, France launched the 4 Per 1000 Initiative with the support of the Food and Agriculture Organization of the United Nations (FAO). The initiative highlights the necessary role soil plays in a comprehensive effort to fight climate change, with the objective of increasing carbon sequestration in agricultural soil-which can lead to food security by increasing soil fertility, improving adaptation capacity of agriculture to climate change, and mitigating greenhouse gas emissions.
5.
This paper discusses the importance of soil health as carbon sink and its potential to reverse climate change. It examines the evolution of agriculture practices and uses statistics, primarily from the countries of the Greater Mekong Subregion (GMS), to show how the current agricultural practices are affecting the environment and the climate. The paper describes what constitutes soil health and regenerative agriculture practices that can be promoted as a strategy to mitigate and reverse climate change; improve water management (flood, drought, water purification, etc.); and enhance food and nutrition security. 
II. IMPORTANCE OF SOIL HEALTH TO MAN AND CLIMATE
6. The year 2015 was declared by the United Nations General Assembly as the International Year of Soils. The initiative aimed to raise awareness worldwide on the important roles that soils play in slowing climate change, securing food supply, and enhancing plant biodiversity. Soil is encountered in daily life, which may have made it easy to overlook the essential ecosystem services it provides.
7.
Indeed, healthy soil is ever more important in our warming climate as it increases the adaptive capacity of plants to withstand extreme weather conditions, lessening crops failures. Thus, healthy soil helps address the challenge of feeding the planet's ever growing population that is estimated to increase to 9.6 billion by 2050, 2 while enhancing resilience and sustainability of productive bases. Healthy soil is also essential in the fight to end malnutrition, particularly in rural areas. Malnutrition remains the main cause of death for children under the age of five.
3 Healthy soil is promoted in organic farming, which has been found to yield more nutritious crops. A review of 343 studies in 2014 has revealed higher nutrient values from organic produce than from conventional farming. 4 This can directly address nutritional deficiencies for urban consumers and poor farmers.
8.
Changing the way agriculture is currently practiced to climate-friendly practices allows soil to regain its role as the planet's key reservoir of carbon, and to hold potential for expanded carbon sequestration. With proper soil management, soil is estimated to sequester around 20 petagrams of carbon in 25 years, roughly over 10% of the anthropogenic emissions. Appropriate soil management practices regenerate soils, which can help sequester carbon from the atmosphere.
9.
Carbon sequestration in managed soil happens when there is a net removal of atmospheric CO 2 because carbon inputs (e.g., crop residues) exceed carbon outputs (e.g., harvested materials, carbon emissions from fuel and manufacture of fertilizers). 5 The higher the amount of organic carbon in soil, the higher the fertility of soil, increasing yields that can enhance food security. Higher organic carbon content helps to mitigate the effects of rising temperatures and water scarcity, which decrease yields, particularly in low latitude and tropical regions. 6 More frequent dry spells will severely endanger the yields of 82% of 1.5 billion hectares of rainfed farmland worldwide.
7 Irrigated farmlands also suffer as surface water sources and reservoirs dry up. Droughts and dry spells from the El Niño phenomenon in 2015 delayed the rice planting season in Asia, which raised prices, and global rice output is expected to decrease for the first time in 6 years. 
10.
Climate change can bring irreversible damage to the planet and the lives of its peoples. Soil can become a part of the solution to climate change and food security. agriculture sustainable while feeding a growing population should be a concern for all. Everyone with access to soil, starting from one's own backyard, and not just farmers in the rural areas, can start regenerative agriculture. Those without access to land can support by purchasing organic produce of farmers who practice climate-friendly agriculture.
III.
BRIEF EVOLUTION OF AGRICULTURE PRACTICES
11.
Humans depend on agriculture for food and fiber, and agriculture is by far the largest human enterprise. Despite the declining size of the sector in developed economies, the sector still utilized 38% of global land area and employed about 31% of the world's population in 2010. 9 
12.
Agriculture is closely linked to the rise and fall of civilizations. Agricultural societies developed as man learned to domesticate plants and animals in a markedly different manner from their wild ancestors. Collectable evidence shows that man began farming around 12,000 years ago. One of the earliest practices shown on record was the cultivation of rice in the People's Republic of China (PRC) where it was grown as staple crop. The Sumerians practiced agriculture as we know it today, 7,500 years ago. Their operation included large-scale intensive cultivation of land, monocropping, organized irrigation, and use of a specialized labor force.
10 By the late 20th century, foraging societies were largely gone. 11 In the last 65 years, the so-called Green Revolution has swept across the globe, with agriculture becoming mechanized. Traditional inputs are replaced by fossil fuel-based inputs.
A.
The Green Revolution and Modern Agricultural Practice
13.
The Green Revolution started with disease-resistant high-yielding wheat varieties in the 1940s in Mexico. These varieties were specially designed to increase yields with synthetic fertilizer and agrochemical applications and required stable water supply. This turned the country from a net importer to an exporter of wheat after it was widely adopted in the country. 12 However, success was short-lived as Mexico began importing basic grains by the end of 1970s. 13 The Green Revolution had become widespread in the 1960s, but its negative effects became evident 1-2 decades later.
14.
Under the Green Revolution, agriculture uses high-yielding varieties and hybrid seeds, farm machineries, irrigation water, fertilizers, and pesticides.
14 As chemical inputs are fossil fuel-based and machines also use fossil fuels to run, the industrialization of agriculture is energy-intensive with a high carbon footprint. Energy-wise, it takes 10 calories of energy to produce one calorie of food in modern agriculture, as opposed to one calorie of sunlight energy to produce two calories of food in the pre-Green Revolution era. Modern agricultural revolution is credited for production surplus with less human labor. Agricultural production has rapidly increased: between 1960 and 2000, output per hectare tripled for wheat and more than doubled for rice and maize. 16 In Asia, cereal production doubled between 1970 and 1995 with only a 4% increase in cultivated land. 17 The FAO estimates that average per capita food consumption increased by 19% between 1960s and 2000. 18 Without the technologies of the Green Revolution, it was estimated that average caloric availability would have been lower by 11%-13%, and food prices would have been higher by 35%-65%. 19 
16.
The six basic practices of modern conventional agriculture are described below. 20 The first four are mostly identified with the technologies of the Green Revolution. Once employed, these practices reinforce each other and productivity is continued only when all practices are employed simultaneously.
(i) Irrigation technologies. This practice allowed water supply to be evenly distributed year round, which allows for multiple cropping in a year. Irrigation water can come from underground wells, dams and distribution canals, and diversion of rivers.
(ii) Genetic manipulation. While cultivation of selected crop plants and animals for specific characteristics has been practiced for centuries, modern agriculture uses hybrid seed, where two or more strains of a crop are combined with genetic engineering. This could involve introducing genetic information of unrelated organisms into another organism.
(iii) Chemical pest control. Pesticides are used to protect crops from organisms that have the potential to reduce yields. Pesticides are either biological or synthetic in origin. Monoculture fields can be protected from organisms that cause diseases in plants with pesticides. Chemical sprays can quickly respond to pest outbreaks. (v) Monoculture. This practice involves the cultivation of only one crop in a field. Monoculture aims to reduce plant competition for nutrients, space, and energy, and to control unprofitable organisms in the field to maximize profit. Herbicides are often applied to kill unwanted species in monocropping systems.
(vi) Intensive tillage. This practice involves the use of a vast array of tractors and farm implements to loosen the soil. The goals are for seeds to be planted easily, water drainage, and faster root growth. This is used to control weeds and work dead plant matter into the soil.
B.
Issues in the Current Agricultural Practice
17.
Modern agriculture has been credited to have staved off famine particularly in the 1960s, reduced poverty, and decreased land conversion for cultivation. 21 However, in the 1990s, the negative effects of modern agricultural practices on humans and the environment have become more evident and could not be disregarded.
18.
The aforementioned practices reinforce each other in creating soils without living organisms. First, excessive tillage and chemical inputs degrade soil, reducing its organic matter content as well as soil microbe biodiversity. 22 The deeper the tillage, the more soil carbon is released to the atmosphere as CO 2 . 23 Deep tillage negatively affects soil biology as it accelerates the breakdown of organic materials that prevent soil from becoming very dense or compacted. This makes it difficult for plants to grow, as roots cannot penetrate the soil to obtain nutrients, water, and structural support. Compacted soil inhibits organisms that recycle nutrients and aerate the soil, and allows water to easily run off the surface and cause erosion. 24 
19.
Second, the practice of monocropping is vulnerable to massive pest outbreaks that make for continued and excessive use of chemical sprays. The use of hybrid seeds and genetically engineered crops in monoculture has caused genetic diversity loss and increased risk of substantial crop failure as these seeds do not have the necessary ecological defense mechanisms. Cycles of nutrient, energy, water and wastes are oftentimes open in large-scale agricultural operations, making recycling of agricultural wastes difficult. Moreover, the added impacts on the environment and people of genetically engineered crops, which often contain antibiotics markers, are still largely unknown. 25 
20.
Third, modern agriculture is water-intensive and utilizes up to 80% of fresh surface water, which necessitates irrigation. However, irrigation schemes could expand the habitat of disease vectors thriving in and around water bodies. The practice also degrades soil, making it unable to retain rain water. These runoffs often have chemical fertilizers and agrochemicals that are easily leached out into bodies of water and even underground water supplies. Modern agriculture is not appropriate for rainfed areas where majority of the poor reside and will produce roughly 60%-80% of future food production.
21.
Fourth, modern agriculture is dependent on chemical inputs. Chemical fertilizers are designed to increase nutrient uptake of crops to increase yields. However, not all applied fertilizer is recovered by crops, thus ending up as pollutants of surface water, which leads to eutrophication and pollution of surface and ground waters. Overuse of nitrogen fertilizers can cause high nitrate concentration in drinking water, which has been linked to abnormal hemoglobin levels and the consequential blue-baby syndrome in infants. It can also lead to gastric, bladder, and esophageal cancers in adults. Pesticides, which account for about 90% of pest control in agroecosystems, destroy beneficial natural predators and parasites of pests. 26 In humans, apart from the yearly death toll of 220,000 and 750,000 cases of chronic illnesses due to pesticide poisonings alone, 27 exposure to pesticides, herbicides, and fertilizer residues has been linked to the development of neurological disorders, immune suppression, and reduced fertility. 28 The use of agrochemicals can also pose health problems for primary consumers, such as mosquito larvae or vector snails in wetlands. 29 Moreover, there is growing epidemiological evidence in the United States on strong temporal correlations between the use of glyphosate, a widely used herbicide, and a multitude of cancers that are reaching epidemic proportions, including breast cancer, pancreatic cancer, kidney cancer, thyroid cancer, liver cancer, bladder cancer, and myeloid leukemia.
22.
Global fertilizer use has been trending upward (Table 1) . 30 As salts build up in soil from chemical inputs, soil desertification and erosion increase stress on the soil and the environment. Modern farm systems depend on chemicals for pest management. Hence, larger amounts of sprays are needed as pests become resistant to insecticides, which have heightened concerns on food and water safety. This has become a vicious cycle beleaguering modern food production systems. 
23.
Fifth, modern agriculture is energy-intensive, particularly in the manufacture of its chemical inputs such as nitrogen fertilizer. 31 Fertilizers and pesticides alone account for 45%-55% of the total energy involved in world crop production. 32 In the United States, in the 60 years that saw the tripling of crop yields using fossil energy, input consumption increased 40 times. 33 FAO estimates that agricultural emissions from crop and livestock production increased by 14% from 2001 to 2011, and the increase mostly came from developing countries as they expanded total agricultural outputs. 
IV. CONVENTIONAL AGRICULTURAL PRACTICES IN THE GREATER MEKONG SUBREGION

24.
The Greater Mekong Subregion (GMS) is composed of Cambodia, the Lao People's Democratic Republic (Lao PDR), Myanmar, Thailand, Viet Nam, and Yunnan and Guangxi Provinces of the PRC. The GMS was formed in 1992. 34 These economies share the Mekong River Basin and had a combined population of about 271 million in 2010, 35 and about 328 million by 2014 (Table 2) . 
25.
With limited arable lands, farming systems in the region's core agricultural areas are usually the first to intensify production adopting the Green Revolution technologies. The GMS, along with most Asian countries, experienced significant productivity growth in the last 3 decades, with growing needs for water, nutrients, pesticides for crops, and feeds supplemented with hormones and antibiotics for livestock productions.
26.
The PRC's yields averaged 6.6 tons per hectare (t/ha) over a 5-year period, followed by Viet Nam at 5.3 t/ha (Table 3 ). In terms of rice exports by volume, Thailand topped the ranking in 2011, followed by Viet Nam at 7 million tons ( 27. The GMS countries are known for rice cultivation and are among world's top rice exporters as shown in Table 4 . Apart from rice, the GMS also practiced intensive cropping systems of fruit, vegetables, and flowers. Land areas under these crops doubled in the past few decades. Thailand diversified its agricultural production with fruits and vegetables, increasing land areas devoted to their cultivation by about 5% per year, from about 400,000 hectares in 1961 to 1.14 million hectares in 2002 (footnote 17).
A.
Issues of Modern Agriculture in the Greater Mekong Subregion
28.
The main problem of modern agriculture in the GMS is associated with the practice of intensive cropping systems, which have brought abuse and overuse of fertilizers and pesticides, and soil erosion.
37
Ample evidence on the negative effects of intensification in crop systems exists in the literature. Some of these are presented below. 39 For these waters to be used for drinking, contamination level of nitrate should be reduced to 10 milligram per liter or 10 parts per million based on standards of the United States Environmental Protection Agency for public water systems. 40 As shown in Table 5 , the global increase in nitrogen fertilizer production has been greatly increased in the last decade. Much of the global increase in fertilizer production of 31% in from 2002 to 2013 appeared to be driven by high demands in East Asia, which increased by 57% over the same period. 41 and pesticide use by weight grew at an annual average of 7.6% between 1990 and 2003. Banned compounds, due to their hazardous effects on human health, are still found in pesticide formulations owing to weak government enforcement. 42 In another study that measured farmers' exposure to an insecticide that can hamper proper functioning of the nervous system, it was found that pesticide uptake exceeded international safety levels and likely caused adverse health effects. 43 Moreover, reliance on surface water as a source of drinking water may have already caused people to have the symptom of long-term consumption of local pesticide residues.
31.
In most GMS countries, glyphosate, the world's leading herbicide, is the active ingredient in a pesticide known as Roundup, which is extensively used in maize, cassava, rubber, and tobacco production, despite the fact that the World Health Organization has indicated the herbicide as a likely carcinogen. In 2009, Cambodia banned 116 chemical pesticides but glyphosate has been on the "safe" list. Glyphosate is legal and easily available in the local markets of the PRC, Thailand, and Viet Nam. Being the staple food in the GMS, rice cultivation is the dominant agricultural activity in the GMS. However, rice production is also a major source of GHG, emitting about 500-800 million tons of CO2 equivalent per year, or roughly 10% of total agricultural GHG emissions. 44 GHG emissions in the GMS has risen, with the PRC leading the rise in absolute terms, while Viet Nam increased its emissions eightfold over 20 years (Table 6 ). In Myanmar, the relatively high GHG emissions in 1992 were mainly due to land use change and in forestry principally from deforestation, shifting cultivation, and land clearance, which have further increased in 2 decades. 
45
Irrigation Systems
33.
Roughly only 5% of global agricultural land is irrigated and the Asian region has the most countries dependent irrigation. 46 Irrigation structures and diseases are closed linked. Like other regions of the world where intensive agriculture utilize 70%-80% of fresh water, GMS countries are under pressure to increase efficient use of water in agriculture.
V.
REINVENTING AGRICULTURE
34.
With increased awareness on the negative externalities and unsustainable practices associated with intensive agriculture, the world is in search of alternative agriculture systems that are more sustainable, climate-friendly, and health-restoring. Among the approaches is the strategy to restore soil heath or soil quality, which includes chemical, physical and biological characteristics of soil. Soil physical properties include soil color, texture, structure, soil moisture content, horizonation (discrete layers that make up soil profile), and bulk density, which in turn are affected by the varying proportions of minerals, 47 Chemical interactions in the soil are determined by two properties: cation exchange capacity and soil reaction (pH level). Clay soils usually have a greater exchange capacity. 48 However, knowledge on soil biology or soil health has traditionally been inadequate, which has limited the understanding of its dynamic properties and potentialities. 49 Research in the last century has mainly focused on chemical and physical characteristics, and only recently did it expand into soil biological properties.
A.
Soil Biology and the Soil Food Web
35.
What is now understood is that plants and soil relationships are more complex than originally thought and nutrients needed by plants cannot be simply supplied by chemical applications. Plant growth requirements are not only nitrogen, phosphorous, and potassium, but include a host of minerals needed at variable amounts in the course of their growth. Myriad organisms working around the plant roots allow precise amounts of various nutrients to be supplied when exactly needed. This is the importance of soil biology. 50 
36.
The soil environment is teeming with life, from microscopic to visible organisms, and is one of the most diverse ecosystems on earth. A cup of undisturbed native soil typically has 200 billion bacteria and 100,000 meters of fungi. 51 This community of complex sets of beneficial organisms living all or part of their lives in the soil and around the plant roots that helps plants obtain nutrients is the soil food web. The food web describes the many potential pathways of the conversions of energy and nutrients, as an organism is eaten by another. The exact composition of organisms in a soil web depends on various factors, such as soil type, organic matter, temperature, climate, and land management practices. As organisms decompose complex materials, or consume other organisms, nutrients are converted into forms that can be used by plants and other soil organisms. The nutrition of plants depends on the soil food web. 52 
37.
The soil food web supplies plants with needed nutrients; this function considerably depends on the diversity of life in the soil. Below is a discussion on the soil's biology (fauna, flora, and microorganisms), which contribute to the soil's development, structure, and fertility. 53 
1.
Soil Flora
38.
Plants supply SOM via shoot and root residue. Root channels are created when roots decompose, allowing soil and air movement that aids in structure and porosity. Roots can stabilize soil through aggregation, and intact root systems can decrease soil loss. The narrow area surrounding the plant roots has sloughed-off root cells and secreted chemicals (i.e., sugars, organic acids) that provide organisms with food.
2.
Soil Fauna
39.
Soil fauna includes earthworms, insects, nematodes, arthropods, and rodents, which initiate the breakdown of dead plant and animal material, ingesting and processing large amounts of soil, burrowing "biopores" for water and air movement, mixing soil layers, increasing aggregation, and excreting nutrientrich secretions.
3.
Soil Microorganisms
40.
Soil microbes are invisible to the naked eye. They include bacteria, protozoa, algae, and fungi. Soil microbes are important in SOM decomposition and nutrient transformation. Some bacteria, such as Rhizobia, fix nitrogen inside legume roots. Protozoa (e.g., amoebas, ciliates, flagellates), which are mobile organisms, feed on other microbes and SOM, while fungi are a diverse group of microbes with usually thin, thread-like extensions that physically bind soil particles. Bacteria usually dominate in agricultural and grassland soils, and fungi are more prevalent in forest and acid soils. 54 An important interacting relationship between plants and microorganism is mycorrhizae, which fungi infect and live in or on a plant root. The fungus depends on the plant for energy and the plant benefits from the fungus in terms of aiding nutrient uptake and improving plant growing conditions.
B.
Regenerative Agriculture, Soil Biology, and Carbon Sequestration
41.
The practice of agriculture that aims to work with the natural processes and biological cycles in soils, crops, and livestock to build up soil fertility and enhance SOM, rather than use fertilizers and agrochemicals, is known as regenerative agriculture. 55 Regenerative agriculture enhances life in soils, creating a community of organisms high in biodiversity, which process and decompose plant and animal matter. Data from the Rodale Institute indicate that regenerative and organic practices can increase soil carbon. Their long-term farm trial shows a 30% increase in soil carbon over 27 years in organically farmed soils, while chemically formed soils did not increase soil carbon. The microbial life in soil stabilizes soil carbon and sequesters atmospheric carbon into the soil. In a study on the relationship between soil carbon sequestration, plant nutrients, and biological activities in organic and conventional tea farming, it was found that concentrations of soil organic carbon and microbial biomass carbon were higher in soils with longer periods under organic management. This suggests that organic farming could promote soil carbon sequestration and microbial biomass size and activities. The biodiversity of the organisms in the soil perform vital ecosystem services that include nutrient cycling, aiding in soil formation and regulation of atmospheric composition and climate, improving water quantity and quality, as well as maintaining soil productivity. More biodiverse soil 54 A. J. Tugel and A. M. Lewandowski, eds.1999. Soil Biology Primer. NRCS. Iowa: Soil Quality Institute. 55 Regenerative agriculture is a version of organic agriculture designed to rebuild soil health or regenerate unhealthy soil.
Organic agriculture is a holistic production management system that promotes and enhances agro-ecosystem health, including biodiversity, biological cycles, and soil biological activity. It emphasizes the use of management practices over offfarm inputs, taking into account that regional conditions require locally adapted systems. This is accomplished by using, where possible, agronomic, biological, and mechanical methods, as opposed to synthetic materials, to fulfill any specific function within the system (FAO/WHO Codex Alimentarius Commission 1999 environments have more kinds of predators that reduce the chance of some species to dominate, which in turn reduces the risks of diseases in plants and humans, and control growth of pests. 57 Hence, agrochemical inputs are not needed in soils with high biodiversity. Soil organisms also reduce environmental pollution through bioremediation, and soil's genetic resources have been tapped to develop antibiotics and other drugs. The first successful antibiotic (Penicillin) was isolated from the soil fungus Penicillium, which was discovered in 1928. The drug prevented deaths from infections in the Second World War and opened the door for new miracle drugs that save millions of lives. 58 The benefits of biodiversity of organisms in soils are discussed below. 59 
1.
Soil Structure, Soil Organic Matter, and Soil Fertility
43.
Soil structure refers to the arrangement of soil separates into units called soil aggregates and greatly affects water and air movement in the soil, biological activity, root growth, and seedling emergence. Microbial activity that aids in the decay of SOM contributes to formation of aggregates. SOM is an important building block for soil structure, contributing to soil aeration, and enabling soils to absorb water and retain nutrients. Every year, soil organisms process 25,000 kilograms of organic matter. The quantity of water stored in soil and available for plants increases as SOM increases. 60 An increase of one percentage point in SOM helps soil hold 20,000 gallons more water per acre (0.4 hectare). 61 
44.
The decomposition of SOM by soil organisms releases nutrients in forms usable by plants and other organisms. The residual SOM forms humus, which is the dark organic material in soils and serves as the main driver of soil quality and fertility. SOM as humus is produced by the diversity of life that exists in soils.
Regulation of Carbon Flux and Climate Control
45.
Soil has about 2,500 billion tons of carbon to 1 meter depth. Carbon in soil is held by decomposing organic matter in pore spaces between soil particles, and contained in living soil organisms. Soil organisms increase soil carbon through the decomposition of dead biomass, while their respiration releases CO 2 to the atmosphere. Carbon is also released as methane when soils are flooded or clogged with water. Land-use change, through the conversion of forests and grasslands to agricultural lands, is responsible for the largest carbon losses from soils.
3.
Regulation of the Water Cycle
46.
Visible organisms, such as earthworms, ants, termites and small animals, affect the infiltration and distribution of water in the soil, by creating soil aggregates and pore spaces. Reducing earthworm populations can reduce the water infiltration rate significantly by up to 93%. Biodiversity in the soil contributes to water purification, nutrient removal, and to the biodegradation of contaminants and of pathogenic microbes. Plants are also involved in water cycling through transpiration, whereby water is released to the atmosphere from soil through plant leaves. 62 The lack of soil biodiversity will reduce the quality and quantity of ground and surface waters, and nutrients and pollutants may no longer be degraded or neutralized. Surface runoff will increase, increasing risks of erosion and landslides in mountain areas, and of flooding and excessive sedimentation in lowland areas. Each of these losses can result in substantial costs to the economy.
4.
Decontamination and Bioremediation
47.
Microorganisms play a key role in waste management by accumulating pollutants in their bodies, degrading pollutants into smaller, nontoxic molecules, or modifying those pollutants into useful molecules. Plants can also be used in mitigating pollutant concentrations in contaminated soils, which process is indirectly mediated by soil organisms. The loss of soil biodiversity would reduce the availability of microorganisms to render this ecosystem service.
5.
Pest Control
48.
High soil biodiversity is also high in natural pest control potential, as it enables a higher probability of hosting a natural enemy of the pests. Pests serve ecosystems in regulating biodiversity itself. Soil-borne pathogens and herbivores control plant abundance, which enhances plant diversity. The loss of pathogenic and root-feeding soil organisms damages plant diversity and increases risks of exotic plant invasions. Changes in vegetation also influence aboveground biodiversity that could cause loss of biodiversity in entire natural ecosystems.
6.
Human Health
49.
The high biodiversity in soil organisms has been an important source of chemical and genetic resources for new drugs such the antibiotic drug penicillin mentioned above. However, antibiotic resistance develops fast and the high biodiversity in soil is needed to provide sources for new antibiotic compounds. When soil biodiversity is disturbed, in some instances, it releases soil-borne infectious disease with negative impacts to human health. Soil microbes are also used in removing soil contamination of heavy metals such as arsenic and lead, which are toxic to human health. 63 Moreover, some soil microbes act as an extended root system of plants that can increase uptake of nutrients improving plant health, which in turn benefits consumers of these plants and their produce. 64 
D.
Evidence on Benefits of Healthy Soil
50.
While soil chemistry and physical properties have been amply studied, studies supporting the benefits of healthy soil biology have only been increasing of late. Table 7 shows how the presence of more microorganisms in total biomass increases productivity. Animals gained more weight when fed with biomass grown in soil with more microorganisms, and crop yields are also higher. 
51.
To promote healthy soil, certain factors are necessary. The biological activity in the soil is mainly affected by limiting factors: humus and SOM, primarily nitrogen content. Adequate oxygen levels, nearneutral pH, temperatures between 29°C and 35°C, and 50%-60% moisture are the major physical properties of the soil that also promote biological activity. 66 Outside these ranges, biological activity decreases except for a few organisms that have adapted to extreme environmental conditions. To foster healthy soils, the practices of conventional agriculture mentioned above have to be reversed.
F. Farming Practices that Improve Soil Health in the Greater Mekong Subregion and the World
52.
Soil conservation farming and organic agriculture practices enhance biodiversity of soil organisms and stabilize soil aggregates that are essential in creating a healthy food web in soils surrounding the plant roots. These practices reinforce each other to build healthy soils. The end goal of managing soil health is to produce healthy crops while enhancing productive bases. This means farming practices should ensure the uptake of a good balance of nutrients for the crop and ensure agricultural sustainability.
1.
System of Rice Intensification
53.
In GMS, rice is the main crop produced. The GMS has some of the world's top rice exporting countries. Rice production, however, is a major source of methane, a greenhouse gas. Introducing changes in rice cultivation techniques such as minimizing the practice of continuous flooding of rice paddies, which induces the anaerobic condition in soil, can reduce methane emissions. The first three in the list below are soil friendly farming practices found in the GMS.
54.
One methodology is called system of rice intensification (SRI). 67 SRI is a climate-smart, agroecological methodology to increase rice productivity, and more recently, other crops by changing the management of plants, soil, water, and nutrients. SRI is based on four main principles that interact with each other: (i) early, quick, and healthy plant establishment; (ii) reduced plant density; (iii) improved soil conditions through enrichment with organic matter; and (iv) reduced and controlled water application. 68 Unlike conventional rice cultivation method, irrigation in SRI is performed by alternate wetting and drying, and weeding is done manually, both of which can aerate the soil. 69 
55.
The benefits of SRI are becoming known in the GMS. In Viet Nam, 7.7 million hectares of agricultural land are devoted to rice production in 2012, and SRI has been increasingly adopted mostly by women farmers on about 300,000 hectares in 2012. Raising profits with increasing fertilizer costs and water insufficiency problems has made SRI an alternative method to rice farmers. 70 In Thailand, water problems, such as saline intrusion into agricultural lands and insufficient scope of irrigation system, as well as climate change concerns, have increased interest in SRI. Experiments on SRI conducted in selected 5 provinces in Cambodia and Thailand revealed that average paddy yield could increase up to 6.41 tons per hectare, up from the average baseline yield in the region of 3.14 tons per hectare for the same farmers and same locales. The benefits are even greater for rainfed areas. 71 In the Lao PDR, experiments on SRI started in 1996, with yields ranging from 1.3 to 9 tons per hectare. The government and various nongovernment organizations (NGOs) are also involved in propagating techniques that work best in specific environments. Integrated Farming System 56. Integrated farming system or integrated animal-fish-mixed cropping system combines one or more animals and is common in Asia given the preponderance of small-sized family farms. While it is mostly economics that drive farmers to integrated farming, the environment also benefits as wastes are recycled and chemical usage is minimal or none at all. Integrated farming either combines crops with cattle, fish, or poultry. In Asia, integrated farming is traditionally done with rice and fish. This reduces the cost of rice cultivation through the removal of weeds, insects, and pests that are consumed by the fish; increased fertilization of the rice plants, and increased production of both rice and fish. 
57.
Permaculture is another farming approach suitable to the small-sized family farms that dominate the Asian agricultural landscape, some documentation of which has been done in Indonesia, Malaysia, and Thailand. 74 The word was coined by Bill Mollison and David Holmgren in the mid-1970s to describe an integrated, evolving system of perennial or self-perpetuating plant and animal species useful to man. 75 Permaculture is based on agroecology, an alternative farming approach that mimics natural ecosystems to produce more food using fewer resources.
58.
Other farming practices that benefit the soil are listed below. It is noteworthy that they complement each other in enhancing biodiversity of soil organisms, particularly the beneficial ones, such as the mycorrhizal fungi.
4.
No-till Farming
59.
Tillage is the plowing of land to control weeds and pests and to prepare land for seeding. The less the soil is disturbed, the more organic matter, which stores carbon, is retained. No-till farming sequesters carbon and mitigates climate change. 76 Tillage also affects populations of microorganisms. Short-term bacteria, typically pests, increase with tillage. The converse is true for fungal biomass. Less tillage preserves fungal hyphal networks that help in soil aggregates and increase SOM levels. 77 Earthworm populations also tend to increase in soil with minimal disturbances, 78 which helps in soil structure. As residue is left on the soil's surface, this protects soil from water and air erosion. No-till farming has gained popularity in the last 2 decades and is now practiced in over 110 million hectares worldwide, which shows its adaptability to climates, soils, and cropping conditions. 79 However, it is still limited in Asia and Africa which may be due to (i) costly no-till equipment for mechanized farms, (ii) issues on land tenure, (iii) harsh climate conditions, (iv) knowledge gap, and (v) lack of crop residue mulch. 80 
60.
According to Gabe Brown (a renowned no-till farmer), no-till allows farmers to take advantage of the natural processes that happen in the soil, such as the symbiotic relationship of arbuscular mycorrhizal fungi (AMF) with plant roots. AMF penetrates the cells of roots and extends the root network system of plants so plants can store water and nutrients in a bigger area. No-tillage enhances AMF and protects host plants from pathogens in the soil by preventing them from entering the roots, which decreases and eventually removes inputs of pesticide, fungicides, and herbicides. AMF also builds soil aggregates and improves soil stability with its release of a sticky substance called glomalin (the more large aggregates than small ones, the healthier the soil). AMF also builds soil carbon, improves water efficiency, and increases the efficiency of nitrogen, phosphorus, and sulfur. Practices that increase AMF are the very same practices that enhance soil's biodiversity. 81 Benefits of mycorrhizae associations include increasing plant-water relations and reducing severity of some plant diseases, 82 improving soil aggregate stability due to the binding actions of hyphae and glomalin, a mycorrhizal secreted chemical.
Mycorrhizal populations are maintained and enhanced by increasing SOM content, reducing soil disturbances, and eliminating long fallow periods.
5.
Chemical-free Farming
61.
Agro-chemicals, e.g., pesticides, herbicides, fungicides, and synthetic fertilizers harm both pests and beneficial soil organisms. For every target pest killed by pesticide, thousands of beneficial or harmless organisms are also killed in the process. As pathogens and pests have short life spans, and reproduce and adapt rapidly to adverse environments, offspring that has become resistant to agrochemical inputs survives. Hence, the application of chemical inputs is only continued as one chemical input is changed to another to combat resistant pests and plant diseases. Conversely, beneficial organisms have long and complex life cycles and are good at competing with other organisms. Chemical-free farming allows beneficial organisms to perform their ecosystem services of naturally inhibiting, outcompeting, and consuming pests and pathogens. 84 Chemical-free farming is a challenge in the region. With growing populations and economies, Asian countries increased food production by increasing yields through greater use of chemical fertilizer. Fertilizer consumption per hectare of arable land in Asia increased from 20 kilograms to 145 kilograms from 1969 to 1995. 85 Nevertheless, negative externalities of agrochemicals to health, environment, and climate change are calling for this trend to reverse.
6.
Cover Crops
62.
These are seeded into agricultural fields, either within or outside of the regular growing season to improve or maintain ecosystem quality. Cover crops 86 can be monoculture, polyculture, or mixtures of various kinds of plants seeded with the main crop. The choice of cover crops is affected by the temperature and rainfall of the region, 87 as well as the type of soil and nutrient needs of the main crop as certain cover crops concentrate specific nutrients in their tissues. Cover crops are often used with notill method and are part of planned rotation. The benefits of living plant cover or living mulch include soil erosion protection, reduced nutrient leaching, carbon sequestration, weed suppression, minimize soil compaction, and integrated pest management. Cover crops regulate temperatures by preventing moisture loss and enhancing water infiltration in soil, which are beneficial during hot and cold seasons.
88
Cover crops include grasses, legumes, and forbs for seasonal cover and other conservation purposes. 89 
7.
Mulching and Mulch Tillage
63.
Mulching is applying plant residue or other suitable materials to the soil surface. Mulch is material such as rice straw or leaves or food waste that is used to cover soil to regulate heat and compensate for loss of residue due to tillage. Residue is left on the surface of the soil, making it less susceptible to wind and water erosion. 90 The practice generally improves soil quality, particularly porosity and bulk density. It also contributes to soil biology as increased mulching increases earthworm populations and carbon content of soils. 91 In mulch tillage, tillage methods are used where the soil surface is disturbed to mix crop residue with the soil, hence maintaining a high level of crop residue on the soil surface. Soil is also improved, albeit slowly but steadily, as erosion is reduced and organic matter is increased over time. In the PRC, the lack of natural mulch material has led farmers to use plastic film mulch that warms and retains moisture of plants. While this has raised yields by up to 60% for cash crops and 30% for grains, residual plastic harms the soil. Research on purely biodegradable film is needed. 92 
8.
Crop Rotation
64.
This entails growing various crops in a planned sequence in order to increase SOM and biodiversity in the soil. This practice increases nutrient cycling, manages plant pests, reduces erosion, holds soil moisture, and adds diversity so soil microbes can thrive. Crop rotation with legumes in Asia has been declining despite their known benefit of improving soil fertility; this trend has to be reversed to improve productivity. 
10.
Pest Management
66.
Managing pests should follow an ecological approach that promotes the growth of healthy plants that have strong defenses and enhance the habitat for beneficial organisms, while increasing stress on pests. In healthy soil, the soil food web naturally provides plants with protection from diseases and pests.
67.
The abovementioned farming techniques and soil management practices promote the soil food web that can (i) improve nutrient use efficiency, (ii) decrease pesticide use, (iii) improve water quality, (iv) conserve water, (v) improve plant water efficiency, (vi) improve air quality, (vii) save renewable resources, and (viii) increase plant productivity.
G.
Composting and Its Benefits
68.
Composting is an important component of soil management. Composting can find beneficial use for the massive amounts of wastes produced daily. The FAO estimates that approximately 1.3 billion tons or a third of global food production gets lost or wasted annually. 94 In fact, an average person generates about 2 kilos of waste per day, up from roughly 0.7 kilos in the 1960s. Roughly two-thirds of household wastes can be used as materials for composting. Composting is important as it turns wastes into manageable and valuable material.
69.
Composting is the controlled decomposition (aerobic degradation) of organic materials by microorganisms. The product is compost, a soil-like substance of partially decomposed organic matter, as opposed to humus, which is completely decomposed organic matter. 95 Like any undertaking, composting requires time and commitment. When done right, the compost has no bad odors, stores well, and is biologically stable.
70.
Materials for composting include plant and animal materials, such as crop residues, animal manure, peelings, food waste, yard waste, and recycled papers without glossy or colored inks. Not all waste products, however, are suitable for composting, such as fish scraps, sewage, dairy products, cooked food wastes, and human excrement. Unlike the former, these materials require special treatment to kill disease-causing organisms and treat toxic materials, and often are very slow to compost. 96 
71.
Compost can be used as mulch, soil amendment, and a source of organic matter. It can improve both soil health and quality. Applying compost to soil can (i) increase microbial activity, (ii) enhance plant disease suppression, (iii) increase soil fertility, (iv) increase cation exchange capacity, (v) improve soil structure in clayey soils, (vi) improve water retention in sandy soils, and (vii) reduce bioavailability of heavy metals. 97 
72.
Microorganisms are the key players in the composting process, hence optimal conditions for microbial activity are best observed to ensure proper composting. 98 
73.
The type of method chosen for composting should reflect a number of factors, such as needs, available space, materials, time, and manageability of compost pile. For people with little space and time, materials can be placed in holding units or piled as heaps. However, this process has a slow rate of decomposition, about a year or two, which gives more chances for pests to excavate buried wastes. This process does not destroy weed seed or plant pathogens. By contrast, turning units that are designed to be turned or aerated can kill bacteria and produce compost, which can increase SOM in 2 months or less. 99 
74.
The hot or fast method of composting requires more management than the cold or slow method but can best control weed seed and plant pathogens. Using earthworms for composting or vermicomposting is good for food scraps. A pound of worms can compost 65 pounds of material in 100 days. The best worms for composting are the red-wigglers and African night crawlers. 100 Given the massive scale of daily household wastes, households should be knowledgeable and practice composting. Suitable composting method can be designed to meet specific conditions of households and communities.
VI.
POLICY RECOMMENDATIONS TO PROMOTE HEALTHY SOILS
75.
As has been emphasized at the United Nations Framework Convention on Climate Change (UNFCC), fighting climate change requires a comprehensive strategy with a portfolio of actions involving multiple partners particularly governments, donors, private companies, research institutes, farmers' organizations, and NGOs. Partners can engage in programs of action for better soil carbon management to fight food insecurity and poverty while contributing to climate change adaptation and mitigation, and undertake international research and scientific cooperation program on the subject.
76.
Complementing the UNFCC agenda of arresting climate change, the role of soil is emphasized in the Lima-Paris Action Agenda, which proposed better understanding of the whole gamut of soil carbon sequestration. To this end, research should be focused on four complementary themes: (i) mechanisms and assessment of carbon storage potential in soils across regions and systems; (ii) performance evaluation of best farming practices for soil carbon and impact on other GHGs, food security, and other regulation and production services; (iii) innovation and its promotion by appropriate policies; and (iv) monitoring and estimating variations in soil carbon stock, especially at farmers' level.
77.
Partners in their respective capacities, where applicable, are enjoined to (i) implement agricultural practices and manage environments that restore soils, increase organic carbon stock, and protect carbon-rich soils and biodiversity at local levels; (ii) implement training and outreach programs to encourage such practices; (iii) finance projects that restore, improve, and/or preserve carbon stocks in soils; (iv) develop and implement public policies and appropriate tools; and (v) develop supply chains of soil-friendly agricultural products.
78.
Based on the 4 Per 1000 Initiative, governments are encouraged to support the transition of agricultural systems toward regenerative agriculture by providing appropriate training and enacting appropriate regulations and policy tools. Specific policies may include compensation schemes for farmers who practice regenerative farming, and provide subsidies and tax credits to farmers who promote healthy soils and natural pest management. Support and subsidies to harmful practices (e.g., chemical fertilizer subsidy) should be stopped. Local governments and grassroots organizations are also key players in raising awareness at schools and public spaces on practices that promote healthy soils, such as banning of the burning of crop residue and biomass.
79.
Women have key roles to play in farming households, particularly in poor rural areas. Governments should craft and/or implement gender-sensitive policies that support the role of women in promoting healthy soils. Women in agricultural communities are often assigned tasks on household food production, family health and nutrition, and management of natural resources; and soil plays an important role in the performance of these tasks. Training on managing healthy soil, targeting rural women, and related support services and appropriate technologies that ease farming work should be promoted not only by governments but also by NGOs. Donors and private entities are encouraged to support development projects that support soil health and soil carbon sequestration, while private companies should eliminate from their supply chains products that are not compatible with objectives of promoting soil health. Specific actions of donors and firms may include supporting certification of regenerative production systems, and product promotion and marketing.
80.
Farmers' organizations are crucial in encouraging their member farmers to adopt new agricultural practices to store a larger amount of carbon. These would help farmers better address their needs in achieving healthy soils if governments engage them in policy dialogues on issues regarding soil health. NGOs have key roles to play in identifying and facilitating the dissemination of good practices in soil management, and ensuring that they meet expectations of soil carbon sequestration. In particular, the practice of no-tillage and no-chemical farming should be promoted by extension workers and NGOs, as this method allows soil organisms to flourish and effectively recycle nutrients; and prevents runoffs that pollute water and soil. Farmers should likewise receive training to develop nutrient management plans suitable for their respective crops and local conditions to effectively recycle nutrients and carbon.
81.
In many countries, soil health programs are supported through organic agriculture promotion programs. Examples of policy instruments to support organic agriculture sector include (i) laws and regulations for organic production; (ii) financial instruments such as producer support by areas payment, inspection cost support, investment grant, etc.; and (iii) communication instruments such as information and promotion campaign, public education, demonstration plots, etc.
82.
In December 2015, at the 21st Session of the Conference of the Parties of the United Nations Climate Change Conference in Paris, 195 countries adopted the first universal and building global climate action plan. In support of reaching an international agreement, countries are invited to submit their Intended Nationally Determined Contributions (INDCs) outlining the countries' intended actions to be implemented between 2020 and 030. As agriculture and natural resources is the key sector in the GMS countries, promotion of sustainable and climate-resilient or climate-proof farming systems, including disaster risk management are prioritized actions in INDCs of all GMS countries. While INDC documents do not get into specific details, it is well understood that attention to restoring natural resources such as soil and water forms the foundation of climate-resilient development. 101 It is noted that in the INDC of Viet Nam, enhancing of soil carbon sequestration is explicitly stated. As awareness on soil as a solution to climate change increases among international, public, and private sector in these countries, financial resources as well as capacity building and technical transfer will further highlight soil solution in the INDCs of these countries.
VII. CONCLUSION
83.
The ground under our feet is teeming with life. Despite its ubiquity, the importance of a highly diverse community of life underground is hardly noticed. Both visible and invisible organisms in the soils have key roles to perform in fulfilling specific nutritional needs of plants while performing myriad ecosystem services, including carbon sequestration, water purification and soil contaminant reduction, climate regulation, nutrient cycling, habitat for organisms, flood regulation, source of genetic resources and pharmaceuticals, and provision of food, fuel and fiber. Soil is also the foundation for and source of material for human infrastructure.
84.
Soil as a resource has been greatly abused and degraded by man. With the pressing challenge of climate change and food insecurity, now is the time to bring back life to soil. Foremost is raising awareness in everyone, utilizing both modern and traditional information technology media on the importance of soil to sustaining life in this planet. With awareness, it is hoped that action will come next that will protect and restore soil health.
85.
Actions of local and international public and private sector in supporting green growth through building new markets, and through political and social structures, are urgently needed. With growing recognition that large-scale restoration of soil health can effectively and efficiently facilitate the achievement by countries of their INDC targets, climate financing sources such as the Asian Development Bank's Green Climate Fund will prioritize such investment in countries' climate investment plans.
86.
With or without external financing, actions of governments are necessary, particularly in establishing national comprehensive programs on healthy soil for climate, water, and human health. The program would include investment not only in agriculture sector in building capacity for extension workers and farmers but also investment in other sectors, e.g., education sector in curriculum development, health sector in monitoring nutritional quality and safety of food, and climate change agencies to monitor soil carbon. Private sector firms with business models that enhance soil health should also be supported to mainstream their operations to sustain the impacts.
87.
Soil health is also central in feeding a growing global population. Agricultural lands that produce the many bounties of nature depend on soil health for sustainability. Soils produce crops on a massive scale that feed both humans and animals. However, the current agricultural production practices of intensified production based on mechanical tillage have little regard to enhancing soil health. Increasing soil and water degradation compounded by a warming climate that increases water scarcity, endangers food security both now and in the future.
88.
Modern agriculture practices over the last 6 decades had led to changes in the balance of carbon and nitrogen cycles, which consequently have depleted soil organic carbon and exacerbated global climate change. Fortunately, regenerative agriculture practices also provide an opportunity for sequestering carbon back into the soil, while potentially improving human health. Farmers and rural communities are the first to suffer from the damage to health, biodiversity, and ecosystems due to climate change. At the same time, farmers can also be key players in reversing climate change through their agriculture practices. It is urgent that proper incentives and rewards be put in place for them to restore soil health, including soil carbon, so they could be the first to reap the benefit of restored physical health and that of the natural environment, which they depend on for livelihood.
89.
Finally, the fight against climate change has room for all. Everyone can be a part of a global soil restoration movement that offers practical solution to climate change, bearing in mind that promoting healthy soils is a not just a strategy for those with access to land. Individuals as consumers can show support by purchasing products of regenerative farming and organic produce. Individual actions when taken collectively can become a palpable force in arresting climate change.
